nerve. The tibial nerve was sectioned and dissected free in the direction of the popliteal fossa until the posterior articular branch was identified. The posterior articular nerve was cleared of fascia for a length of approximately 3 cm. Special electrodes which have been previously described5 were placed upon the articular nerve and the wound was closed.
FIG. 1. Experimental arrangement.
A-drive shaft; B-rotating blade; C-rod attaching rotating blade to leg of cat; D-potentiometer attached to drive shaft; Eground wire; F-wires from in vivo electrodes.
A few experiments were also done in which the tibial nerve was se :tioned above the point where the posterior articular nerve branches, thus producing an isolated articular nerve connected only to its sensory re-eptors in the capsule of the knee joint.
The animal was strapped in a rigid frame so that it was in a normal upright posture with its four feet just touching the table (Fig. 1) . In a few of the original experiments, bone drills were placed in both heads of the femur and were then clamped to the rigid frame to immobilize the femur. This was subsequently found to be unnecessary since Knee joint proprioceptors I COHEN the method of strapping the animal to the frame was sufficient to hold the femur immobile.
The joint rotating device consisted of a television antenna rotor* plus a series of shafts and gears (Fig. 1) . When the shaft rotated, the animal's leg was moved and a corresponding rotation within the knee joint resulted. Any desired amount of rotation was produced by remote control with the rotor control box. The rate of joint rotation was varied by changing gears. The final drive shaft was also connected to a potentiometer (Fig. 1, D) which was in turn connected to channel B of a dual beam oscilloscope to obtain a record of joint position and movement.
The recording electrodes from the posterior articular nerve were connected to preamplifiers which led to channel A of the oscilloscope. Records of articular nerve firing at any given joint angle or during any given joint movement were viewed on the CRT and permanent records were made with a moving film camera.
Occasionally procaine hydrochloride was applied to the posterior articular nerve between the joint capsule and the recording electrodes to reduce the number of active receptor fibers and thus to enhance the possibility of obtaining single receptor records. It was frequently unnecessary, however, to use procaine since single receptors could easily be picked out of the record obtained from the intact posterior articular nerve.
At the completion of an experiment the posterior articular nerve was either sectioned between the knee joint and the recording electrodes or this region was soaked with 1% procaine. The joint was then moved through its full range as a control experiment to see if all firing in response to joint movement was abolished.
RESULTS
Joint movements were started from a position of maximum physiological extension and proceeded, by progressively flexing the leg against the thigh, to a position of maximum flexion. In the ten cats which were investigated not only did firing appear at the intermediate joint positions as has already been reported,"'4 but firing also occurred beyond both ends of the intermediate range. In fact, proprioceptive activity was oftentimes most intense at the extremes of the flexion-extension range of the knee joint, as measured by both the number of active proprioceptors and the rate at which they were firing.
All angles of the knee joint were effective in eliciting firing from at least some of the proprioceptors. When total absence of firing was occasionally encountered in a preparation at certain angles, firing was subsequently induced at those angles by strongly stimulating the receptors with a series of repeated rapid movements of the joint, or by shifting the position of the recording electrodes. There is no angle of the knee joint, therefore, which is totally incapable of stimulating any of the proprioceptors.
An analysis of the firing pattern of single joint proprioceptors demonstrated that the typical receptor fired only during a specific range of joint * Alliance Tenna Rotor, Model T-10. The angle at which a receptor started to respond and the angle at which it ceased were usually very precise and consistent. The exact angle at which a receptor started to fire and that at which it stopped also depended on the direction of the movement. Figure 3 shows a receptor whose threshold at one end of its sensitivity range was investigated. The threshold angle was repeatedly 54.50 during a flexion movement but it was 560 during an extension movemlient. This was typical of all receptors studied.
Once a receptor started to fire during a joint movement its frequency increased as the movement continued until a maximiium for the prevailing conditions was reached, after which the rate decreased until it ceased entirely as the joint wvas moved beyond the sensitivity of the receptor (Fig. 4) At no time was a special fast adapting type receptor obtained which fired only in response to movement. Such receptors have been described,4 although they represented only about 5%, of all the proprioceptors recorded from the knee joinlt. Since the fast type receptor is rare, it is possible that purely by chance none was recorded from during the investigations reported in this paper. It may also be possible, however, that the fast adapting type response which has been described' was merely the response of a typical slow adapting proprioceptor which was receiving a very weak stillmulus, such as that which might prevail when the joint is at an angle close to either of the threshold angles for that receptor. Andrew and Dodt have reported that when a stimulus was so weak that a receptor fired at less than 10 impulses per second, the firing soon ceased entirely.2 Data reported here show that an ordinarily slow adapting receptor will occasionally show fast adaptation if the joint is stopped at a position which is just within the response range of a proprioceptor.
The receptors do not appear to be specialized to receive different types of moveimient. Certainly in regard to flexion-extension type movements a typical receptor responds to both. The fact that the precise threshold angles of a receptor are slightly different for flexion movements than they are for extension movements is probably due to the fact that the proprioceptors are situated in the joint capsule.6 Thus they cannot be stimulated directly by the articulating surfaces but must rely for their stimulus upon the particular strains and stresses which develop in various parts of the capsule at each position of the joint.8 It is not difficult to conceive in such an arrangement that a certain type of joint movement produces a particular amount of deformation within a given receptor, while another type of movement througlh the same angle produces a slightly different amount of deformation wvithin the same receptor, and thus the response of the receptor would be slightly different in both cases. In a study of joint proprioceptors in the epiglottis, Andrew' concluded that there is only one type of joint proprioceptor but it is mounted on tissues which are differentially stretched and, consequently, sonme receptors fire during flexion oinly and others are activated by extension only. This is a good example of the type of mlechanismii which has been suggested above for knee joint proprioceptors to explain the differences in flexion-extension thresholds. This can also explain the apparent preference for one special type of movement which somiie knee proprioceptors exhibit, as reported by Boyd Static positioin of the joint at an angle which wNas within the sensitivity range of a receptor usually revealed very slow adaptation of the receptor. If the static angle was near either of the threshold angles for the receptor, adaptation was very rapid.
Threshold angles for a receptor were different depending on Whether flexion or extension was employed. No evidence was obtained which indicated that special receptors existed for flexion or for extension.
It was suggested that there is one type of proprioceptor in the knee joint of cat and that activation of any given proprioceptor can be achieved when sufficient stress occurs in the area of the capsule in which the receptor is situated-the amount of stress at any instant depending on the particular angle of the joint ancd the direction, if any, in which the leg is being moved.
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